Abstract The prognosis of metastatic non-small cell lung cancer (NSCLC) is poor, and platinum-based chemotherapy improves the median survival for only a few months. A subgroup of patients with oligometastatic disease may benefit from surgical resection, but only very limited data are available to date. We conducted a retrospective review of all patients with synchronous extrapulmonary oligometastatic NSCLC undergoing surgical resection in our department. Data regarding medical history, histology, number of metastases, and survival status were extracted from the medical database
Introduction
Lung cancer is one of the most common causes of cancerrelated death and is a malignancy with high incidence worldwide [1] . Approximately 80 % of all lung cancers are diagnosed histologically as non-small cell lung cancer (NSCLC), and at the time of diagnosis, a high proportion of patients already suffer from metastatic disease. The median overall survival of patients with Union Internationale Contre le Cancer (UICC) stage IV cancer is only 6 months [2] . Standard treatment of metastatic lung cancer involves systemic chemotherapy, and a platinum-based two-drug combination is recommended as first-line therapy in most cases [3] . Unfortunately, this improves overall survival for only a few months [2, 4] . However, 7 % of patients with metastatic disease only suffer from a single metastasis; in 1995, Hellman and Weichselbaum introduced the term "oligometastatic" for this special subgroup of patients [5, 6] . These patients may benefit from surgical resection of the primary tumor and its metastasis. Several retrospective case studies have documented an improved outcome in patients treated surgically, but most studies reported only on isolated metastasis of the brain or adrenal gland [7] [8] [9] [10] . Therefore, it is unknown whether patients with an isolated metastasis in other locations also benefit from this aggressive approach. Recently, Salah et al. reviewed 51 cases to analyze the outcome of extrapulmonary, extracerebral, and extraadrenal oligometastatic NSCLC [7] [8] [9] [10] [11] . The 5-year overall survival rate was 50 %, which implies a high publication bias. To investigate the clinical outcomes of oligometastatic NSCLC and the factors influencing median survival, we analyzed the complete spectrum of patients with oligometastatic NSCLC treated in our department.
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Materials and Methods

Definition of "Oligometastatic"
The definition of the term "oligometastatic" is not precise in literature and ranges between the description of one and five metastases. This is at least arbitrary, and it is not clear where to draw the line between oligometastatic and metastatic lung cancer. Weichselbaum et al. introduced this term to indicate that there is an intermediate state of lung cancer between metastatic and local disease. Therefore, we decided to follow the inclusion criteria of Hasselle et al. and included all patients with ≤5 extrapulmonary metastases [12] .
Patients and Surgical Techniques
We conducted a retrospective review of 56 patients with synchronous extrapulmonary oligometastatic NSCLC undergoing surgical resection in our department between 1987 and 2011. Data regarding medical history, histology, number of metastases, and survival status were extracted from the medical database of the University Medical Center, Freiburg. Patient stage was reviewed according to the sixth TNM classification of the UICC [13] . Histopathological findings were classified according to World Health Organization criteria [14] . All patients underwent a complete staging procedure preoperatively, including at least computed tomography (CT) or magnetic resonance imaging of the brain, CT of the chest and upper abdomen, bronchoscopy, ultrasonography of the abdomen, bone scintigraphy, and/or F-fluorodeoxyglucose positron emission tomography CT. In all cases, the staging procedure also included cytological or histological investigation of mediastinal lymph nodes. Lung function analysis, including spirometry and blood gases, was also routinely performed. Thoracotomies were performed with a standardized anterolateral approach.
Follow-up
Overall survival was calculated beginning with the date of diagnosis. Whenever possible, basic information was retrieved from medical records of the University Medical Center, Freiburg, from general practitioners, or by telephone interviews. Cross-sectional contact for all surviving patients was performed in October 2011. Mean follow-up time was 24.3 months.
Statistical Analysis
Statistical analysis was conducted by using MedCalc software Version 11.6.1.0 (MedCalc software, Mariakerke, Belgium). Survival curves were constructed according to the KaplanMeier method. Differences in survival were analyzed by logrank test. Multivariate analysis was performed by using the Cox proportional hazards model.
Ethics Statement
This was designed as a retrospective study, and all patients (treated in the Comprehensive Cancer Center, Freiburg) provided written informed consent that their medical data could be used for scientific reasons, while maintaining patient confidentiality. This study was approved by the Ethics Committee of the University Medical Center, Freiburg.
Results
Patients
There were 21 (37.5 %) women and 35 (62.5 %) men with a median age of 60 years (range, 39-78 years) ( Table 1 ). In 13 cases, the primary tumor was localized in the left upper lobe; in 18 cases, in the right upper lobe; in 11 cases, in the left lower lobe; and in 10 cases, in the right lower lobe. Two tumors were localized in the middle lobe and three were in a central position. In 31 cases, we performed a lobectomy; in 4 cases, a lobectomy in combination with a chest wall resection was carried out; in 1 case, a pneumonectomy was performed; in 3 cases, an extended pneumonectomy was performed; in 2 cases, a segmentectomy was performed; in 12 cases, a sleeve lobectomy was performed; and in 3 cases, a wedge resection was conducted (Table 2 ).
Histology and Tumor Stage
Pathological staging revealed a tumor stage of pT1 in 9 cases, pT2 in 42 cases, and pT3 in 5 cases. In 30 cases, there was no lymph node involvement, while pN1 was observed in 7 cases, 
Metastasis
Forty-six patients suffered from one isolated metastasis, eight patients had two metastases, and one patient had four metastases. Forty-six patients suffered from brain metastasis, and four patients had adrenal gland metastases. Two patients suffered from isolated bone metastasis (sternum and right femur), and four patients had soft tissue metastasis. In 24 cases, the metastases were only surgically resected; in 13 cases, surgical resection was accompanied by chemotherapy or radiation; and the remaining cases were treated by stereotactic radiosurgery. In all cases, resection was macroscopically and microscopically complete.
Morbidity and Mortality
There were no intraoperative deaths. One patient with a single cranial metastasis died postoperatively because of acute respiratory distress syndrome (ARDS) following primary tumor resection. In four cases, postoperative complications occurred after resection of the metastasis. In three patients with a brain metastasis, a single epileptic event, a cerebral edema, and minor bleeding were recorded. In one patient with an adrenal metastasis, secondary wound healing occurred. After resection of the primary tumor we recorded three cases of tachyarrhythmia and four cases of pneumonia. Two patients suffered from ARDS and three patients had an embolic event.
Survival Time and Influencing Factors
Five patients were lost during follow-up and therefore censored in the survival analysis. One patient died postoperatively because of ARDS. The remaining 50 patients had an overall median survival time of 14.6 months (Fig. 1 ).
Patients with adenocarcinoma had a higher median overall survival time of 18.1 months, than those with squamous cell carcinoma (14.1 months) and large cell carcinoma (8.4 months) (p00.33) (Fig. 2) . The overall survival was not significantly influenced by tumor stage (pT1, 16.0 months; pT2, 12.1 months; pT3, 14 months; p00.9) (Fig. 3) . Analyzing the influence of metastatic site, we found a median overall survival of 23.4 months for patients with soft tissue metastasis, 16.7 months for patients with brain metastasis, 9.5 months for patients with adrenal gland involvement, and only 4.3 months for patients with bone metastasis (log-rank test p<0.005) (Fig. 4) . By multivariate analysis using the Cox proportional hazards test, bone metastasis was the only significant parameter [hazard ratio (HR), 11.6; 95 % confidence interval (CI), 2.2-60.5] influencing median overall survival (p<0.004). Other parameters such as resection margin, type of surgical procedure, localization of primary tumor, tumor grading, or lymph node involvement were not significant by the log-rank or Cox proportional hazards tests. 
Discussion
The prognosis of metastatic NSCLC is poor, and platinumbased chemotherapy improves the median survival for only a few months [2] . A subgroup of patients with oligometastatic disease may benefit from surgical resection of the primary tumor and metastasis, but only very limited data are available to date. Several studies have documented a benefit of surgical resection of the primary tumor and a single metastasis in the brain or the adrenal gland, but the benefit of this treatment is not well documented for oligometastatic NSCLC to other metastatic sites [8] [9] [10] . Recently, Salah et al. reviewed 51 case reports of patients with oligometastatic, extracranial, and extra-adrenal NSCLC and tried to identify parameters that predict outcome [11] . Overall, the authors reported an encouraging 5-year survival rate of over 50 %. Keeping in mind that Salah et al. used 51 case reports to perform the pooled analysis, it is likely that this high 5-year overall survival rate is at least partially based on a publication bias. Therefore, we analyzed the whole spectrum of oligometastatic NSCLC patients treated in our department. The mean overall survival was 14.6 months, which is much higher than that in patients treated with platinum-based chemotherapy and similar to the median survival reported by others [2, 3, 9, 15] . In line with other authors, we found a different median overall survival depending on histological subgroup, with a better survival for adenocarcinoma (18.1 months in adenocarcinoma vs. 8.6 months in large cell carcinoma vs. 14.1 months in squamous carcinoma), although this was not statistically significant [3] . Regarding T stage, the median survival differed only slightly. Other factors such as resection margins, type of surgical procedure, localization of primary tumor, tumor grading, and lymph node involvement were tested, but none of these parameters had a significant influence on median overall survival. This might be due to the low numbers of patients in the subgroups, which may have concealed the clinical relevance of a single factor. Interestingly, the localization of the metastasis was an important factor influencing the outcome in our cohort. Patients with single metastasis of the bone had a much more unfavorable outcome than others. Although this subgroup was too small to draw any definitive conclusions, it is noteworthy that metastasis of the bone was identified as a significant predictive factor in patients with advanced lung cancer in a different clinical setting [16, 17] . We hypothesize that divergent biological behavior of lung cancer cells exists according to the local micromillieu. Different chemokines and their receptors may influence the organotropy and clinical outcome of lung cancer [18] . The limitations of our study are the small numbers of patients in each subgroup and its retrospective design, which spanned a long collection period. Diagnostic and therapeutic tools have changed dramatically over the years and may have an influence on studies concerning oligometastatic lung cancer. We cannot deny that all of these factors are strongly restricting; however, oligometastatic lung cancer is very rare, and it is extremely difficult to conduct large-scale studies on them. It is known that a small ratio of events per variable can affect the accuracy and precision of regression coefficients and their statistical significance in proportional Fig. 4 The median overall survival differed significantly according to the localization of the metastasis (p<0.005). Metastasis to the bone was the only significant factor (HR, 11.6; 95 % CI, 2.2-60.5) influencing median overall survival time (p<0.004) hazard analysis. Therefore, we failed to identify predictive factors that were statistically significant in our study. However, an interesting observation in our study was the finding that the majority of patients had no or only minimal lymph node involvement. Because we are presenting a nonselected group of patients with metastasis in all locations and the inclusion was based on the same criteria, this might be of some importance in understanding the phenomenon of oligometastatic status. In contrast to the generalized disease of multiple metastatic lung cancer, we hypothesize that oligometastasis is rather a "skip" metastasis in otherwise localized tumors. Further studies are urgently required to investigate the factors predicting the outcome of surgical therapy in patients with oligometastatic lung cancer and the phenomenon of oligometastatic disease.
